INTRODUCTION
Headaches may occur in a number of disorders. When both headache and fever are present in patients, meningitis is one of the conditions that should be considered. In the emergency department (ED), many patients receive lumbar punctures to diagnose or rule out meningitis. Although lumbar punctures are performed for patients who have fever of unknown cause or severe headache associated with fever, the results of cerebrospinal fluid (CSF) analyses are frequently not suggestive of meningitis. Lumbar punctures can be painful and require the patient to remain in the ED for several hours. There are also potential complications associated with the procedure, such as post-spinal tap headaches, which can lead to a certain degree of discomfort for patients. (1) (2) (3) (4) (5) (6) Therefore, screening is typically performed for all patients before lumbar punctures are performed, but is not required for other blood tests.
Symptoms such as the presence of neurological manifestations, neck stiffness and severe headache are used to screen for bacterial meningitis among patients who present with headache and fever. (7) In the ED, it is not difficult to decide whether a lumbar puncture should be performed on patients diagnosed with bacterial meningitis, as the symptoms are relatively severe and frequently associated with neurological signs. The more common dilemma that clinicians face in the ED is whether to perform the procedure on patients presenting with viral meningitis-like symptoms. This is because it is challenging to clinically differentiate between patients with viral meningitis and those without meningitis, as the latter frequently present with symptoms that mimic viral meningitis. (7) (8) (9) (10) We conducted the present study to find clinical features and laboratory parameters that could facilitate the selection process of patients who should receive lumbar punctures among those who present to the ED with headache and fever. We proposed to develop a new scoring system based on significant associations identified among key indices, which could be used to identify such patients.
METHODS
This was a retrospective case-control study approved by the institutional review board of Kangwon National University Hospital, Chuncheon-si, Korea. We selected all patients aged ≥ 16 years who presented to and received lumbar punctures in the ED of Kangwon National University Hospital between 2011 and 2013. The hospital, situated in a mid-sized city with a population of approximately 300,000, has an annual ED attendance of 30,000-33,000. The indications for lumbar puncture were a change in mental status of unknown cause and suspected meningitis. In this study, lumbar punctures were performed either by emergency physicians or neurologists.
Patients who received lumbar punctures were further divided into two groups -those who were diagnosed with viral meningitis and those who were not (i.e. patients who had viral meningitislike symptoms but no meningitis). The initial diagnosis was made based on CSF analysis, including microscopic examinations (cell count, cell differential, Gram staining and acid-fast staining), chemical tests (protein and glucose), infectious disease tests (latex agglutination and polymerase chain reaction) and CSF culture, but the final diagnosis was made by a neurologist.
Among patients who had no viral meningitis, only those who initially presented with both fever and headache as their primary symptoms were included in the study. Among patients with viral meningitis, those with neurological symptoms were excluded from the study, as lumbar puncture was clearly indicated for these patients (Fig. 1) . Patients who presented with bacterial meningitis were also considered to require lumbar puncture and excluded from the study. The final diagnosis of bacterial meningitis was made by a neurologist based on the clinical presentations and CSF results. Ten patients had positive CSF cultures or CSF Gram stains, one patient tested positive on CSF antigen testing and two patients had positive blood cultures. Brain computed tomography was conducted for all patients prior to the performance of lumbar punctures.
We compared the clinical features and laboratory data between the two patient groups (i.e. those with viral meningitis and those without). A retrospective analysis was performed on available data obtained from the hospital's electronic medical records. Clinical symptoms that were included in the analysis were fever, nausea, vomiting, diarrhoea, myalgia, photophobia, sleep disturbances, upper respiratory tract infection (URTI) symptoms and neck stiffness. Symptoms that were most frequently demonstrated by patients with and without viral meningitis were identified.
Blood tests that were performed included complete blood count with differential, aspartate aminotransferase, alanine aminotransferase, total bilirubin, gamma-glutamyl transpeptidase, lactate dehydrogenase (LDH), creatine phosphokinase (CPK) and C-reactive protein (CRP). Blood tests that showed abnormal findings for infectious disease were selected. The ADVIA® 1800 Clinical Chemistry System (Siemens Healthineers, Deerfield, IL, USA), which uses latex-enhanced immunoturbidimetric assays, was used to measure CRP levels.
Comparison of clinical features was performed using chisquare test. Comparison of fever (i.e. body temperature in °C) and laboratory data was performed using Student's t-test. The degree of attribution of each variable was assessed using multiple logistic regression analysis. The associations identified were used to develop a scoring system that could be used to diagnose viral meningitis in patients presenting to the ED with headache and fever, and to identify those who should receive lumbar punctures. IBM SPSS Statistics version 21.0 (IBM Corp, Armonk, NY, USA) software was used for statistical analysis.
RESULTS
Among patients aged ≥ 16 years who presented to the ED during the study period, 54 patients with viral meningitis and 292 patients without meningitis received lumbar punctures. Among the 54 patients with viral meningitis, those with clear indications for lumbar puncture based on neurological symptoms (n = 12) were excluded. Hence, a total of 42 patients with viral meningitis were included in the study. Among patients without meningitis, only those who had both fever and headache as primary symptoms (n = 96) were included. The clinical features and laboratory findings for the two patient groups are listed in Tables I and II , respectively. For the majority of patients, symptoms such as diarrhoea, myalgia, photophobia and sleep disturbance were missing from the medical records; consequently, these symptoms were excluded from the analysis.
There was an equal number of men and women (n = 21 each) among the 42 included patients with viral meningitis. The mean age of these patients was 34.7 ± 14.1 years and their mean body temperature was 37.4°C ± 0.82°C. Among the 96 included patients with no meningitis, 54 were men and 42 were women. Their mean age was 52.7 ± 21.1 years and mean body temperature was 38.0°C ± 0.98°C. The diagnoses for patients without meningitis are listed in Table III .
On univariate analysis, significant differences were found between the patient groups with and without viral meningitis for fever, nausea, vomiting, neck stiffness and URTI symptoms. Significant differences between the two groups were also found for these laboratory variables -neutrophil, lymphocyte and platelet counts, and LDH, CPK and CRP levels. Vomiting, neck stiffness and CRP level were chosen as diagnostic indices (Table IV) . For the purpose of developing a scoring system for diagnosing viral meningitis, these three variables were represented as proper values of regression coefficients. The cut-off value for CRP level was determined to be 1.291 mg/dL (sensitivity 0.813; specificity 0.833; area under the curve [AUC] 0.897; Fig. 2) . The regression coefficients were calculated by performing multiple logistic regression analysis, and the numeric values, being the score for each diagnostic factor, were designated by excluding the decimal points. CRP level ≤ 1.291 mg/dL was scored as 3 points, neck stiffness as 2 points and vomiting as 1 point (Table IV) . Overall scores ≥ 3 yielded a positive likelihood ratio (LR+) of 4.60 (sensitivity: 0.943; specificity: 0.795) ( Table V) and overall scores ≥ 4 yielded an LR+ of 7.79 (sensitivity: 0.600; specificity: 0.923). On the other hand, a negative likelihood ratio (LR−) decreased to less than 0.1 (0.072) when the score was < 3. When we applied a diagnostic index to each of the patients, the AUC of the receiver operating characteristic curve was 0.908 (95% confidence interval 0.839-0.977; Fig. 3) .
A total of 17 patients (12 male, five female; age 60.0 ± 21.9 years) with bacterial meningitis presented to the ED during the study period. Among these, 12 patients had neurological symptoms and five patients had neck stiffness without neurological symptoms. The mean CRP level among the patients with bacterial meningitis was 7.949 ± 8.136 mg/dL (Table VI) .
DISCUSSION
Meningitis should be considered when both fever and headache are present in a patient. In our study, a number of patients presented to our ED with fever and headache as the primary complaints.
For patients with bacterial meningitis, a diagnostic lumbar puncture is mandatory, as life-threatening complications may occur. (11, 12) While most patients with viral meningitis improve with symptomatic therapy, complications may occur, such as those seen among patients with herpes simplex virus encephalitis, and therefore a lumbar puncture is also required to diagnose viral meningitis. (13) (14) (15) (16) (17) (18) (19) Hence, a lumbar puncture is often performed to screen for meningitis, especially among patients who present with fever and headache. Even after meningitis is ruled out following a lumbar puncture, the patient must be observed in the ED for several hours, as complications from the procedure may occasionally arise, causing discomfort to the patient. (1) (2) (3) (4) (5) (6) An absence of neurological symptoms is not uncommon in patients with viral meningitis, creating challenges in clinically differentiating between these patients and those with viral meningitis-like symptoms (but not meningitis).
(7-10) Although Brudzinski's or Kernig's signs have been used to clinically distinguish between the two groups, the sensitivity of these approaches is low. (20) (21) (22) As it is difficult to make a clear clinical distinction, the decision-making process of whether to perform a lumbar puncture on patients presenting with both fever and headache can be challenging. Notwithstanding this, few studies exist in the literature on the clinical differences between patients with viral meningitis and those with meningitis-like symptoms.
Given the paucity of relevant literature and established guidelines, this study aimed to develop a scoring system to identify patients who require lumbar puncture among those presenting to the ED with headache and fever. For patients with bacterial meningitis, the majority of whom have neurological symptoms and severe headache, it is not difficult for clinicians to decide whether a lumbar puncture is indicated. In our study, 17 patients who presented to the ED with bacterial meningitis were excluded from the analysis, as no significant barriers were encountered in determining the need for lumbar punctures.
We observed differences in the presence of symptoms, such as nausea, vomiting, neck stiffness, URTI symptoms and fever, between patients with viral meningitis and those without. There were also differences in laboratory variables, such as neutrophil, lymphocyte and platelet counts, and LDH, CPK and CRP levels. In order to devise a scoring system that might help to determine the need for a lumbar puncture, this study included vomiting, neck stiffness and CRP level as diagnostic indices, because these variables were found to be markedly different between patients with and without viral meningitis in the clinical setting. In our study, the AUC was 0.897 (sensitivity 0.813, specificity 0.833) for a CRP cut-off value of 1.291 mg/dL (Fig. 2) . We also observed that patients with viral meningitis characteristically had lower CRP levels than those with meningitis-like symptoms, such that CRP level by itself demonstrated diagnostic utility (p < 0.001).
The mean CRP level of patients who had no meningitis was 6.792 ± 7.059 mg/dL. The scoring system in our study was established by assigning 3 points to CRP levels ≤ 1.291 mg/dL, 2 points to neck stiffness and 1 point to vomiting. With overall score ≥ 4, LR+ was over 5 (LR+ 7.79), and with overall score ≥ 5, LR+ was over 10 (LR+ 15.38). LR− was less than 0.1 (0.072) when the score was < 3. This suggests that there is an increased possibility of a diagnosis of viral meningitis at overall scores ≥ 4 and a considerably higher possibility at overall scores ≥ 5, with a greater likelihood of ruling out viral meningitis at overall scores < 3.
An advantage of our proposed scoring system is that it can be easily applied in everyday clinical practice. Photophobia and neurological symptoms, which are infrequent among patients with viral meningitis, were not included in the scoring system, augmenting its usefulness in determining the need for lumbar puncture among patients with meningitis-like symptoms in the practical setting. However, this scoring system could not be applied to patients with bacterial, tuberculous or fungal meningitis. The proposed scoring system should not be used to diagnose meningitis but to obtain additional information when deciding whether lumbar puncture should be performed on patients with meningitis-like symptoms, especially in cases of possible viral meningitis.
The present study was a retrospective, case-control study, as meningitis is a relatively uncommon condition. Validation of the proposed scoring system is warranted by way of future prospective studies. Nevertheless, by using the scoring system for patients presenting to the ED with fever and headache, we were able to determine the possibility of viral meningitis (i.e. aseptic meningitis) among these patients and successfully identify those who should receive lumbar punctures. By assigning 3 points to CRP levels ≤ 1.291 mg/dL, 2 points to neck stiffness and 1 point to vomiting, there was a high possibility of diagnosing viral meningitis and ascertaining the need for lumbar puncture in patients with overall scores ≥ 4. This scoring system could potentially help to reduce the number of lumbar punctures performed, potential complications associated with the procedure and patient length of stay in the ED, and ultimately bring down the attendant costs of healthcare.
